 Make use of PVD technology and ICS-04 ARC PRO coating equipment to prepare three groups of Cr/DLC composite films with different thickness of Cr transition layer based on Hss. Three groups of specimens in the Cr deposition time respectively for 10 mins, 20 mins and 30 mins. After measuring instrument with nondestructive testing, the film's thickness of three groups of specimens are 0.7μm, 0.8μm and 0.9μm respectively. Measured the bonding strength of three groups of films by indentation method. The results show that the thickness of the film increases linearly with deposition time. The bonding properties improved with the increase of film's thickness.
INTRODUCTION
Physical Vapor Deposition (PVD) technology is using physical effect to deposit new materials on basal surface under the condition of vacuum. Diamond (DLC) thin film is a kind of combination in the form of sp2 and sp3 keys of metastable materials. In the technical field of surface engineering, diamond-like carbon (DLC) film is a property of all of the outstanding wear resistance reinforcing film. It has a very wide range of applications in the mold industry, auto parts and tool industry. The mechanical properties of the film has a critical influence in the actual work. But there are many problems influence the DLC film's quality, such as internal stress. Because of the high internal stress not only reduces the binding force of diamond-like carbon with the matrix material, but also limits the thickness of the carbon film. In order to improve the overall performance of the DLC films, one of the effective solutions is to add a Cr transition layer between the substrate and the DLC film.
Thesis aims at making use of physical vapor deposition (PVD) technology to deposit Cr/DLC composite films which have different thickness of Cr transition layer on the surface of three HSS samples. Test and contrast the bond strength of three groups of films. Study how the different thickness of Cr transition layer affects the performance of DLC in order to guide the industrial manufacture and engineering applications of DLC films.
THE PREPARATION TECHNOLOGY OF NEW TYPE PVD CR DOPED DLC COMPOSITE FILM
The experiment use physical vapor deposition preparation cathodic arc vacuum coating systems to deposit Cr doped DLC composite film. Before entering the vacuum system, the three groups of simples should experience pre-treatment cleaning process like sandblast and clean. By use of controlling the rotational speed of the rotation of the substrate, the modulation period, the modulation ratio and the target of arc time and other means to deposit Cr transition layer and DLC film.
ICS-04 ARC PRO coating equipment have a total of 4 targets, target1 is AlTi, target2 is Cr, target3 is AlTi and target4 is Ti. In addition, pass into different gas as another arc source. Process parameters as shown in Table 2 .1. 
CHARACTERIZATION AND ANALYSIS OF CR-DOPED DLC COMPOSITE FILMS Thickness Characterization of Cr / DLC Composite Film
The thickness of film is one of the important parameters which characterize the quality of the film. Since the DLC film has a high internal stress, the film's thickness is generally limited to less than 10μm. All these limit the application of DLC films. In this study the nondestructive testing (Fischerscope X-Ray XUL) was used to detect the thickness of DLC films. The samples were repeatedly tested three times and calculated the average. The test results are shown in Table 3 
Test results show that the coating time is an important parameter which determine the film's thickness. After the thickness of the test trials, curve can be drawn from the film's thickness and deposition time. As shown in Figure 3 .1, with the increase of the deposition time, the thickness of the film increases linearly. It illustrates the deposition rate is relatively stable. Different deposition time resulting in different thicknesses of DLC film. So change the deposition time to control the thickness of film is an effective method.
Test for the Bonding Strength of Cr/DLC Composite Films
The force 588N was pressing on the surface of the three groups of samples by use of rockwell hardness test with a spherical indenter. Then observe the situation of indentation's edge at a projection magnification of 500 times. The crack's morphologies of three groups of samples are shown in Figure 3 .3. Fig. 3.4 is the determination reference chart of indentation edge cracks. There are six levels of crack cases were HF1 ~ HF6, the bonding strength in descending order. The HF1~HF2 can be used for machining and the others are unavailable. It can be seen from the figure a there are a large but discontinuous film shed from Hss. So the bonding strength of sample 1# can be assessed as HF4. There is a slight phenomenon of coating off in figure b. So the bonding strength of sample 2# can be assessed as HF2. As can be seen from Figure c there are only many small cracks without the phenomenon of coating off. So the bonding strength of sample 3# can be assessed as HF1.
Test the DLC film's bonding strength by Indentation method. The result shows that increasing the deposition time of Cr transition layer, the DLC films exhibiting superior binding properties. Since the film is broken, the free energy
. The value of μ c depends on σ c 2 t fc . So the critical thickness of film's rupture is t fc = 2E f γ σ 2 . It can be seen that the DLC film begin to shed from base when the thickness of film exceeds the critical value. Therefore, the binding properties have a direct relationship with the thickness of film. The basic variation is increase with the thickness of film first, then there will be a peak, after which it began to decrease. 
CONCLUSION
Have a comparative study on the thickness and bonding strength of the three groups of Cr/DLC composite films through the thickness measurement and bonding strength test.
(1) The thickness test results showed that the thickness of the DLC films of the three groups are not quite different，both of which are about 0.6μm. However，the thickness difference of Cr transition layer is larger, the thickness of Cr layer of 1# sample is around 0.1μm and the thickness of Cr layer of 2# sample is around 0.2μm and the thickness of Cr layer of 3# sample is around 0.3μm.The thickness of film is an important test index to determine the stress and the properties of the film and controlled by changing the deposition time.
(2) Combined force test results showed that the Cr transition layer could relieve the residual stress in the thin film effectively and the DLC film is more closely attached to the substrate due to the excellent bonding properties of the metal Cr and the steel substrate.
